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INPOCTIOW PURMACE 



The present invention relates to an induction 
furnace and in particular to an induction furnace 
which is particularly suitable for the disposal of 
waste materials by high temperature thermal oxidation, 
although it may he used in other applications, such as 
for example roasting of ores and minerals. 

Electrically powered furnaces in which heat is 
-£$r<3duced by electrical induction are well-knowh. Thi '' 
basic structure of such furnaces con^rises an 
electrical coil within which is placed a susceptor. 
Passage of alternating electrical current through the 
coil produces heat in the susceptor which is used to 
heat the furnace. A preferred material for the 
susceptor is graphite. However, particularly at high 
temperatures, graphite is attacked by oxygen and 
thereby eroded in use and therefore is unsuitable for 
use in a furnace for prolonged use at high 
temperatures unless oxygen is totally excluded from 
the. furnace. Nevertheless, there are applications of 
such furnaces where it is either not possible to 
exclude oxygen or oxygen- releasing materials, or it is 
advantageous in the application to use controlled 
amounts of oxygen or other oxidizing materials. 
Attempts have been made to solve this problem by 
chemical doping of the graphite or by using materials 
other than graphite as the susceptor, but these have 
not been entirely satisfactory. 

It has also been known to use various refractory 
materials for the purposes of heat insulation or heat 
shielding in induction furnaces. 



The present invention seeks Co provide a 
susceptor made from materials other than graphite 
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which can withstand prolonged use in an induction 
furnace, at high temperatures in the presence of 
oxygen . 
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The present invention, accordingly provides an 
induction furnace wherein an alloy susceptor 
comprising niobium, hafnium and titanium is placed, 
within an induction coil. 

The present invention further provides the use of 
an' induction furnace wherein an alloy suscepto-i- 'r^trV 
comprising niobium, hafnium and titanium is placed 
within an induction coil in the disposal of waste 
materials, or roasting of ores and minerals. 



The susceptor material to be used in the present 
invention is an alloy comprising niobium, hafnium and 
titanium alloy, m a preferred embodiment the alloy 
can further comprise zirconium. Preferably the alloy 
contains at least 70% niobium, 10 to 20% hafnium^ up 
to 5% titanium, for example at least 0.1%, preferably 
at least 0.2% or 0.5% titanium, and 0 to 5% zirconium. 
In a further preferred embodiment of the invention the 
niobium metal containing alloy contains 10% hafnium, 
25 1%- titanium and 1% zirconium. A particularly preferred 
type of niobium- hafnium- titanium alloy of the present 
invention is that which is designated WC103 as 
supplied by wah Chang. The advantage of this material 
in combination with induction coils lies in the fact 
30 that it has susceptor properties almost as -good as 

graphite and is light weight and resistant to chemical 
influences. This chemical resistance does not require 
an internal* surface protection layer for most 
applications and the alloys of this group are 
35 withstanding high stress levels at elevated 
temperatures of over 2000**C- 
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It is preferred that the eusceptor is in che 
shape of a cylinder which forms the wall of the 
furnace chamber, in a further preferred embodiment of 
the present invention, the susceptor can be embedded 
within a refractory material which forms the wall of 
the furnace chamber. 

The term "embedded" in the context of the present 
invention refers to the inclusion of the alloy 

cylinder of the refractory material 
by providing a corresponding slot in the refractory 
material into which the alloy susceptor can be slid. 
Once the alloy susceptor has been positioned, any 
remaining space within the slot can be filled, for 
exan^jle, with a suitable particulate material such as 
carbon black and the end of the refractory cylinder 
through which the alloy susceptor has been inserted 
can be blocked off, for example, by a cylindrical 
extension to the corresponding end plate of the 
furnace which can protrude into the cylindrical slot. 

The refractory material to be used for chemically 
aggressive materials in the present invention is 
preferably chemical resistant, has high thermal shock 
resistance, a low coefficient of thermal expansion and 
refractoriness at least up to 1700'C. High purity 
alumina is particularly suitable although it is 
envisaged that other suitable materials such as 
advanced plasma sprayed composites can be used. When 
high purity alumina is used it is preferable that its 
purity is at least 99% and more preferable at least 
99.5%, Particularly preferred types of material for 
use in the furnaces of the invention are those which 
are designated SKA 100 NG and Alsint 99.7 as supplied 
by the firm Haldenwanger . However, other similar 
materials can be used. 
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It is possible to use two or more susceptors in 
iri an induction furnace in which case each 
susceptox- would be surrounded by a corresponding coil. 
For maximum efficiency the induction coil is about ijj 
times the length of the susceptor and the susceptor i© 
positioned symmetrically within the coil. 

It is preferred that the coil, or coils, of the 
furnace are contained within a gas-tight chamber 
surrounding the cylindrical refractory wall of the 
-^fuxnace. This provides 'a. safety factor in ehe- 
unlikely event, that the wall of the refractory 
material should crack and release gases from the 
furnace chamber, in such an event the gases would 
still be retained within the furnace by the aforesaid 
gas-tight chamber which is preferably provided with 
means to fill it with nitrogen or some other inert 
gas. It also provides the ability to operate the 
furnace with an exactly dosed quantity of oxidizer. 



The furnace will preferably be arranged to 
operate at a slight angle of from l° to 20^, 
preferably 5°, to the horizontal so that material fed 
through the furnace at its upper end is assisted by 
25 gravity to move to the lower end. To further assist 
the progress of the material through the furnace, 
means are provided to rotate the cylinder about its 
major axis. Furthermore, the inner surface of the 
cylinder is preferably formed with one or more 
protrusions to assist progress through the, furnace of 
the material which is being heated by the furnace, 
such protrusion or protrusions being preferably in the 
form of one or more helical flanges. 



Particularly in applications such as the disposal 
of waste, but also in other possible applications of 
Che rurnace. it is important chat the furnace provides 
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a sealed environment and to this end rolling seals may- 
be provided at each end of the cylinder, such seals 
being made of suitable steel, and further that air 
locks are provided also at each end of the furnace. 

Regarding the use of refractory materials in the 
furnace, it will be appreciated that the whole of the 
revolving part of the furnace should be very 
adequately supported in order to prevent undue 
stresses in the ref ractoi^^ material . 

For such applications as waste disposal it is 
also desirable to. provide means for injecting air, 
oxygen, water, steam or other oxidizers or reducing 
agents such as hydrogen, hydrogen peroxide and 
hydrochloric acid, into the furnace chamber in order 
to control the chemistry of hydrolysis between 600**C 
and 1000*=*C^ preferably SSO^'C of the particular waste 
disposal operation which is being performed , 

With a view to controlling the furnace it is also 
desirable to include means for temperature measurement 
at a plurality of locations within the furnace chamber 
by detecting and measuring heat radiation from said 
locations . 

The induction furnace of the invention will now 
be illustrated by way of example with reference to the 
accompanying drawing in which: 

Figure 1 is a vertical section of the main part of an 
Induction furnace in accord with the present 
invention; and 

In the furnace exemplified, a cylinder of an 
alloy comprising niobium, hafnium and titanium (1) 
having a length of approximately 4 metres, an internal 
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diametei- of approximately O.S metre and an external 
diameter of approximately 0.52 metre, and is held 
between two annular end plates (2, 3) . The structure 
is positioned at a slight angle to the horizontal so 
Chat the plate (2) can be regarded as an upper end 
plate and plate (3) can be regarded as the lower end 
plate. The cylinder is held in position by two 
resistant rollers (4,5). 

Surrounding cylinder {1) is an induction coil (6) 
"having a length of approximately 2 metres and'-S ..•r/Ay ■ 
thickness of approximately 0.015 metres. The 
induction coil (6) is encased in a steel cover (7) so 
that the system occupies a gas-tight space surrounding 
the furnace chamber which can be filled with nitrogen 
or other inert gases . 

To assist the movement of material which is being 
heat-treated through the furnace chamber (S) , a 
helical protrusion (9) is formed integrating with the 
internal surface of the cylinder. 

The whole structure is mounted at each end on 
bearings (not shown) to provide rotation, and rolling 
seals and airlocks (also not shown) are also fitted at 
both ends of the furnace. This ancillary equipment^ 
along with the electrical circuitry of the induction 
heater and also the heat radiation detector means and 
related control equipment are all of a conventional 
nature and therefore need not be -described in order to 
enable the skilled person to operate the new furnace 
structure of the invention. 

It will be understood that many variations could 
be adopted based on the specific structure 
hereinbefore described without departing from the 
scope of the invention as defined in the following 
claims. 
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CIAXMS 



An induction furnace wherein a susceptor made 
from an alloy comprising niobium, hafnium and 
titanium is positioned within the induction coil 
of the furnace* 

An induction furnace as claimed in claim 1 
wherein the alloy susceptor is cylindrical in 
shape ^ the interior surface of the cylinder 
forming the lining of the furnace chamber:* 

An induction furnace as claimed in claim i 
wherein the alloy suscepcor is cylindrical in 
shape and is embedded within a cylinder of a 
refractory mateirial, which forms the lining of 
the furnace chamber. 

An induction furnace as claimed in claim 3, 
wherein the refractory material is a high purity 
alumina . 



An induction furnace as claimed in claims 3 or 4 
wherein the inner surface of the cylinder of 
refractory material is formed with one or more 
protrusions to assist progress through the 
furnace of the material which is being heated by 
the furnace . 



An induction furnace as claimed in claim S 
wherein the protrusion or protrusions are in the 
form of one or more helical flanges. 

An induction furnace as claimed in claim 5 or 6 
wherein the cylinder is provided at each end with 
a rolling seal. 



induction furnace as claimed in any one of 



claims 2 to 7 wherein means are provided to 
rotate the cylinder about its major axis. 

An induction furnace as claimed in any one of the 
preceding claims wherein the induction coil is 
contained within a gas-tight chamber surrounding 
the cylindrical wall of the furnace. 

An induction furnace as claimed in claim 9 
wherein means are provided to fill the gas-tight 
chamber with nitrogen or inert gas. 

An induction fj^mace as claimed in any one of the 
preceding claims which is provided at each end 
with an air lock 

An induction furnace as claimed in any one of the 
preceding claims which also comprises means for 
precision injection of air,, oxygen, water, steam 
or any other oxidizer or reducing agents such as 
hydrogen, hydrogen peroxide and hydrochloric acid 
into the furnace chamber. 

An induction furnace as claimed in any one of the 
preceding claims comprising means for temperature 
measurement at a plurality of locations within 
the furnace chamber by detection and measurement 
of heat radiation from said locations, for the 
purpose of furnace control , 

An induction furnace as claimed in any one of the 
preceding claims wherein the alloy susceptor 
further comprises zirconium. 

An induction furnace as claimed in claim 14, 
wherein the alloy susceptor consists of 88% 
niobium, 10% hafnium, 1% titanium and 1% 
zirconium, 
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16. An induction furnace as claimed in claim 1 

substantially as herein before described with 
reference to and as illustrated in the 
accompanying drawing. 

17- Use of a furnace as claimed in any one of the 
preceding claims in the disposal of waste 
"*^terials^ or roasting of ores or minerals. 



wo 03/089864 



FIGURE 1 



PCT/GB03/01649 




1/1 



INTERNATIONAL SEARCH REPORT 



A. OLASSinCAlkM OF SUBJECT HATTER 

IPC 7 F27D11/06 



I Application Mo 

PCT/6B 03/01649 



H05B6/02 



According te mtemalional Palent Claaaftaal«w (IPC) or tP toth rwlkinaf ciy*»«'^aT'ijn and IPC 



IPC 7 r270 H05B F27B C21B F23W F23R 



Itiao tnmimum <aoajtmniatton to me «»am inaf Sutf» docffmenu aie jnchided in the fieios 



Eiodrontc dau base consuttBd dufirig Die tniefnatibfial 8«afcn (pamfi ot daia Mse 

WPI Data, EPO-Internal , PAJ 



and. Mkdt9 prsatca?, search terms used) 



q POdaWEWTS OONSg>eB£P to be REL£VAM7 



Qfttegory • Citaiion of document, wQD mdicalfon. wli«re appropriafa. or me re4evan| 



Recevam i.o daiin No. 



G8 2 339 888 A (RUSTEC LTD. BRENTWOOD. 6B) 
9 February 2000 (2000-02*09) 
« the whole document * 

DO 294 834 A (AKAO WISSENSCHAFTEN DOR. 
BERLIN, DE) 10 October 1991 (1991-10-10) 
* the whole document • 



1-14,16, 
17 



1.15 



I FwiitoerdoeiitiMniaaiisliMsdinOie ceRtioMBoneftMxa 



Patvnt famtty wiem6ei» are /teied in annex. 



Special eat«90f ias or died documonts : 

A' dooftnent gifting me general Slate ol the art«rttieM»n«t 
conSKiered to ol pahicuiar laiavance 

«arfl6r docunnent but ptfblsfied on or after tti& imemalionai 
ramgdate 

X' document wfitfcti rrmy ifuow douM? pn p'ioiitv daimfs) or 
Which «s cited lo estaM^sb me pubtfcation «ve of anorter 
ciiaifon or Other spddaJ reason (as specified 

'Or doctimsni raiening to an oral disdosuvB. use. oxtiibiiion or 
other means <."K«Rfii«r 

•P* doetmnt published prior io Iho International fifin oaio but 
later taan me pnoriiy oaie c&inied 



Date or ttie actual oompref ton or the miamaiionai seaidi 

10 July 2003 



*r lai^dociKi^em published aft«rina tntematiot^tuiigdate 
Of pnorB/c^blsandnotinoonnidwilhlhe applicai&i M 
caedfouRdBrsfandiheprtncfpiaoriheOfy unSriyfaigtho 
ffiv^ntiOn 

*X' <k>Qttmeni e» pottiouiw feieya/^co; the cfaimed imsniloii 
cannot be oonsiderodnovet or cannot be consfcteied 
tfwofei^e an inventi/e step when the Oocumont e taken alone 

"V* document of pafHoular reiew^nco; the ciaimco imeniiork 
2f?^ ^ invp#ve an nvemiye steo when me 

document la combined wHb one or moio other rachdocu-*^ 
mams, such oombmatton bemg ofevlws to a peison stalked 
01 the an. 

'&* documcti msmlier ot tite Same patent f amit/ 



Nameandmaiiiiigaddrejssdr rnalSA 

European Paioni Omoe. P.a 561 S Palentlaan 2 

Tel, (♦SI-ZO) 34a-20ao. Tx. 31 651 epo nl 
Fax: (♦a i-?t>> 340-3016 



Dale of mailing ot the imemalional search r^ion 



16/07/2003 



AuirionzeO otfioer 



Pels, S 



foim nCTASA/Z 10 <MC0r»4 shoal) (JmV 1992) 



INTERMATIONAL SEARCH REPORT 



Patent document 
dto<l ki search report 



6B 2339868 



DD 294834 



Publfcation 
ctate 



'r»tii^ iiai Appfleaf iofi Ho 

PCT/GB 03/01649 



Patent famjiy 
rtlefnb6r(s) 



09H)2-2000 NONE 



f^ibJication 
date 



10-10-1991 DD 



294834 AS 



10-10-1991 



Foim PST/lSA/aio {patent tovii^ Mias) 1993^ 




\ Qfifice 



Application No: 
Claims searched: 



GB 0208792.2 
1-17 




INVESTOR IN PBOPLB 



Examiner: 
Date of search: 



Tyrone Moore 
2 September 2002 



Patents Act 1977 

Search Report under Section 17 

Databases searched: 



UK Patent Office collections, including GB, EP. WO & US patent specifications, in: 
UK CI (Ed.T): F4B (BE. BFA, BFB, BFC, BKW, BKX), HSH (HNR, HNX) 
Iht CI (Ed,7): F23B, F27B 14/06, 14/10. 14/14 C03B 13/02, 37/029, H05B 6/00, 6/02. 
Othen ONLINE: WPI, EPODQC. JAPIO. 



Docnments considered to be relevant: 



Category 



Identity of document and relevant passage 



GB 2339888 A 



(RUSTEC LTD.) 

See figures 1-2, and the description. This document 
describes an induction ftimace which has a refiractory 
material (1) with a cylindrical shape, with the interior 
of the cylinder forming the limng of the fiirnace 
chamber (13), Graphite (9) is embedded within the 
refi^ctoiy material to act as a susceptor with the 
graphite either being in a particulate form and 
dispersed within die refiractory material. 



Relevant 
to claims 



X 
Y 



Document indicattng lack of novelty or mvenu've step 
Document indicating lack of lAventive step if combined 
with one or marc other documents of same eoce^ory. 

Member of the game patent family 



Document indicating technological background and/or state of the ait. 
Documcnl published on or after the declared priori ly date but before the 
nimg d&te Qf this invention. 

Patent document published On or after, but wiUi priority date carWcr 
than, the tiling date of this application. 



An Executive Agency of the Department of Trade and Industry 




Application No: 
Claims searched: 



QflSce 



GB 0208792.2 
1-17 



Examiner: 
Date of search: 




INVESTOR na PEOPLE 



Tyrone Moore 
2 September 2002 



Categor; 


f Identity of document and relevant passage 


Relevant 
to claims 


A 


US 5194408 


(GENERAL MILLS INC.) 
See whole document which describes a sintered 
ceramic microwave heating susceptor. The 
microwave active, or microwave absorbing material 
ui uic present compositions^ and susceptors 
fabricated therefiiom, are selected ceramic 
compounds selected from the group consisting of 
carbides, nitrides, borides and mixtures thereof. The 
IM-eferred compounds are the carbides, particularly 
silicon and titanium carbide. Other carbides useful in 
Ae present invention are metallic (interstitial) 
carbides such as zirconium carbide, ha&ium carbide, 
vanadium carbide, tantalum carbide, molybdenim 
carbide and niobium carbide, 




A 


US 4029466 


(DENKI KAGAKU KOG YO KABUSHIKI KAISHA) 
See whole document which describes a container for 
evaporation of metal which is coated with a film 
comprising, a main component selected from the 
group consisting of titanium carbide, zirconiimi 
carbide, hafiiium carbide, vanadium carbide, 
niobium carbide. 




A 


US 3210455 


(METALLWERK PLANSEE) 

See whole document which discloses Improvements 
in or relating to induction furnace susceptors. A 
cylindrical structures of high melting point metals, 
e.g molybdenum, tungsten, tantalum, or niobium, are 
formed by sintering together a plurality of parts each 
in the form of a sector of a cylindCT. 





Document indicating lack of novelty or inventive step A 
Doeument indicating lack of inventive step if combined P 
with one or more other documents of same category. 

Metriber of the same patent femily 



Document indicating technologica] background and/or state of the art. 
Document published on or afkca- the declared prioritydate but before the 
nling date of this invention. 

Faient document published on or after, but with priority date earlier 
ttwn, the filing date of this application. 



An Executive Agency of ihe D^iaxtment of Trade and Industry 



TOTAL P. 44 



